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(54) SYSTEM AND METHOD FOR SUPPLYING COMPRESSED AIR TO A MAIN ENGINE STARTER 
MOTOR

(57) A system and method for supplying compressed
air from an auxiliary power unit to a main engine starter
motor. The inlet guide vanes are controlled using either
first or second inlet guide vane control logic and the surge
control valve is controlled using either first or second
surge control valve control logic. When the first inlet guide
vane control logic is used, the inlet guide vanes are po-
sitioned based on a demand signal, when the second

inlet guide vane control logic is used, the inlet guide vanes
are positioned based on a demand schedule, when the
first surge control valve logic is used, the surge control
valve can be commanded to repeatedly move to only a
fully-closed position and a fully-open position, and when
the second surge control valve logic is used, the surge
control valve can be commanded to the fully-closed po-
sition only when maximum flow is commanded.
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Description

TECHNICAL FIELD

[0001] The present invention generally relates to main
engine starter motor operation, and more particularly re-
lates to a system and method for supplying compressed
air to a main engine starter motor.

BACKGROUND

[0002] Many relatively large turbine engines, including
aircraft main engines, may use a main engine starter mo-
tor to initiate turbine engine rotation. The main engine
starter motor may be coupled to a source of compressed
air, such as an on-board auxiliary power unit (APU), via
a duct and a starter air valve. The compressed air im-
pinges upon a turbine in the main engine starter motor
causing it to rotate at a relatively high rate of speed. The
main engine starter motor includes an output shaft that
is coupled to the turbine and, perhaps via one or more
gears, to the main engine gearbox such that the main
engine is rotated with the main engine starter motor.
When the main engine reaches a predetermined speed,
the main engine is ignited such that a self-sustaining
speed is achieved, and operation is enabled without fur-
ther assistance. More recently developed main engines
have tighter starting tolerances, thereby requiring a more
precise control of the start operation. As an example, the
main engine may require a cold motoring operation in
which the main engine is rotated for a predetermined
amount of time prior to ignition.
[0003] Although rare, and highly unlikely, there may be
instances in which the starter air valve becomes inoper-
able. This valve is typically designed to be normally
closed. Thus, if it becomes inoperable either before or
during a main engine start operation, it will close, pre-
venting compressed from reaching the starter motor. In
such rare and unlikely instances, it may be necessary to
manually move the starter air valve to the full-open po-
sition. While this allows compressed air to flow to the
starter motor, the only means to modulate the flow of
compressed air to the motor is to repeatedly command
the surge control valve associated with the APU to move
between its fully-open position and its fully-closed posi-
tion. This results in undesirable wear to the surge control
valve.
[0004] Hence, there is a need for a system and method
of supplying compressed air to a main engine starter mo-
tor that does not rely on repeatedly commanding the APU
surge control valve to move between an open position
and its fully-closed position. The present invention ad-
dresses at least this problem.

BRIEF SUMMARY

[0005] This summary is provided to describe select
concepts in a simplified form that are further described

in the Detailed Description. This summary is not intended
to identify key or essential features of the claimed subject
matter, nor is it intended to be used as an aid in deter-
mining the scope of the claimed subject matter.
[0006] In one embodiment, a system for supplying
compressed air to a main engine starter motor includes
an auxiliary power unit (APU), a main engine start con-
duit, a surge control valve, and an APU control unit. The
APU includes a compressor section and a turbine sec-
tion, and the compressor section includes adjustable inlet
guide vanes that are moveable to a plurality of inlet guide
vane positions. The main engine start conduit is coupled
to receive compressed air from the compressor section
and supply the compressed air to the main engine starter
motor. The surge control valve is in fluid communication
with the main engine start conduit and is responsive to
valve position commands to move between a fully-closed
position and a plurality of open positions between the
fully-closed and a fully-open position. The APU control
unit is in operable communication with the APU and the
surge control valve and is configured to control the APU,
the inlet guide vanes, and the surge control valve. The
APU control unit is configured to selectively control at
least the inlet guide vanes and surge control valve using
first or second inlet guide vane control logic and first or
second surge control valve control logic, respectively.
When the first inlet guide vane control logic is used, the
inlet guide vanes are positioned based on a demand sig-
nal, when the second inlet guide vane control logic is
used, the inlet guide vanes are positioned based on a
demand schedule, when the first surge control valve logic
is used, the surge control valve can be commanded to
repeatedly move to only a fully-closed position and a fully-
open position, and when the second surge control valve
logic is used, the surge control valve cannot be com-
manded to the fully-closed position only when maximum
flow to the main engine starter motor is commanded.
[0007] In another embodiment, a method for supplying
compressed air from an auxiliary power unit (APU) to a
main engine starter motor, wherein the APU includes a
compressor section and a turbine section, and the com-
pressor section includes adjustable inlet guide vanes that
are moveable to a plurality of inlet guide vane positions,
wherein the APU supplies the compressed air to the main
engine starter motor via main engine start conduit, and
wherein a surge control valve is in fluid communication
with the main engine start conduit. The method includes
controlling the inlet guide vanes using one of first or sec-
ond inlet guide vane control logic and controlling the
surge control valve using one of first or second surge
control valve control logic. When the first inlet guide vane
control logic is used, the inlet guide vanes are positioned
based on a demand signal, when the second inlet guide
vane control logic is used, the inlet guide vanes are po-
sitioned based on a demand schedule, when the first
surge control valve logic is used, the surge control valve
can be commanded to repeatedly move to only a fully-
closed position and a fully-open position, and when the
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second surge control valve logic is used, the surge control
valve can be commanded to the fully-closed position only
when maximum flow to the main engine starter motor is
commanded.
[0008] In yet another embodiment, an aircraft engine
system includes a main gas turbine engine, a main en-
gine starter motor, an auxiliary power unit (APU), a main
engine start conduit, a surge control valve, and an APU
control unit. The main engine starter motor is coupled to
the main gas turbine engine. The main engine starter
motor is coupled to receive compressed air and is con-
figured, upon receipt of the compressed air, to supply a
drive torque to the main gas turbine engine. The includes
a compressor section and a turbine section, and the com-
pressor section includes adjustable inlet guide vanes that
are moveable to a plurality of inlet guide vane positions.
The main engine start conduit is coupled to the main en-
gine starter motor and the APU. The main engine start
conduit is coupled to receive compressed air from the
compressor section and supply the compressed air to
the main engine starter motor. The surge control valve
is in fluid communication with the main engine start con-
duit, and is responsive to valve position commands to
move between a fully-closed position and a plurality of
open positions. The APU control unit in operable com-
munication with the APU and the surge control valve and
configured to control the APU, the inlet guide vanes, and
the surge control valve, the APU control unit is configured
to selectively control at least the inlet guide vanes and
surge control valve using first or second inlet guide vane
control logic and first or second surge control valve con-
trol logic, respectively. When the first inlet guide vane
control logic is used, the inlet guide vanes are positioned
based on a demand signal, when the second inlet guide
vane control logic is used, the inlet guide vanes are po-
sitioned based on a demand schedule, when the first
surge control valve logic is used, the surge control valve
can be commanded to repeatedly move to only a fully-
closed position and a fully-open position, and when the
second surge control valve logic is used, the surge control
valve can be commanded to the fully-closed position only
when maximum flow to the main engine starter motor is
commanded.
[0009] Furthermore, other desirable features and char-
acteristics of the system and method for supplying com-
pressed air to a main engine starter motor will become
apparent from the subsequent detailed description and
the appended claims, taken in conjunction with the ac-
companying drawings and the preceding background.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will hereinafter be de-
scribed in conjunction with the following drawing figures,
wherein like numerals denote like elements, and wherein:

FIG. 1 depicts a schematic block diagram of an air-
craft engine system in accordance with an exemplary

embodiment;

FIG. 2 depicts a schematic block diagram of an aux-
iliary power unit (APU) system of the aircraft engine
system of FIG. 1 in accordance with an exemplary
embodiment;

FIG. 3 depicts a block diagram of different logic that
may be implemented in an electronic control unit
(ECU) of the APU system of FIG. 2 in accordance
with an exemplary embodiment;

FIG. 4 depicts an alternate inlet guide vane control
logic that may be implemented in the ECU of FIG. 3;

FIG. 5 depicts an alternate surge control valve con-
trol logic that may be implemented in the ECU of
FIG. 3; and

FIG. 6 depicts a flowchart of a method implemented
in the ECU of FIG. 3 for controlling the supply of
compressed air from an APU to a main engine starter
motor.

DETAILED DESCRIPTION

[0011] The following detailed description is merely ex-
emplary in nature and is not intended to limit the invention
or the application and uses of the invention. As used here-
in, the word "exemplary" means "serving as an example,
instance, or illustration." Thus, any embodiment de-
scribed herein as "exemplary" is not necessarily to be
construed as preferred or advantageous over other em-
bodiments. All of the embodiments described herein are
exemplary embodiments provided to enable persons
skilled in the art to make or use the invention and not to
limit the scope of the invention which is defined by the
claims. Furthermore, there is no intention to be bound by
any expressed or implied theory presented in the pre-
ceding technical field, background, brief summary, or the
following detailed description.
[0012] FIG. 1 is a schematic block diagram of an air-
craft engine system 100 in accordance with an exemplary
embodiment. As shown, the engine system 100 includes
a main gas turbine engine 110, a main engine full author-
ity digital engine controller (FADEC) 120, a main engine
starter motor 130, and an APU system 140. In one ex-
emplary embodiment, the engine system 100 is an air-
craft system, although other applications may be provid-
ed.
[0013] When implemented as an aircraft, the main gas
turbine engine 110 is configured to generate mechanical
power for propulsion of the aircraft and, in many instanc-
es, may also be used to drive various rotating compo-
nents such as, for example, generators, compressors,
and pumps, to thereby supply electrical, pneumatic,
and/or hydraulic power. Although not depicted, the main
gas turbine engine 110 typically includes a compressor
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system, a combustion system, a turbine system, and an
exhaust system that function to generate power during
aircraft taxi and flight operations, as generally recog-
nized.
[0014] In addition to the power components, the main
gas turbine engine 110 may include various sensors and
actuators implemented at various locations to detect and
adjust engine performance parameters, such as turbine
rotational velocities, engine pressures, engine tempera-
tures, and/or other controlled parameters, such as fuel
flow and inlet guide vane positions. In the depicted em-
bodiment, the main gas turbine engine(s) 110 includes
at least one speed sensor 112 that functions to determine
the speed of the main gas turbine engine(s) 110.
[0015] The FADEC 120 is generally configured to con-
trol operation of the engine system 100, including the
main gas turbine engine(s) 110. The FADEC 120 may
control any engine parameter, although as discussed be-
low, the FADEC 120 may provide various commands to
the main gas turbine engine(s) 110, the main engine start-
er motor 130, and the APU system 140 to control oper-
ation, particularly during a start operation. The com-
mands generated by the FADEC 120 may be based on
feedback from the main gas turbine engine(s) 110, in-
cluding the engine speed provided by sensor 112, as well
as operator commands, including the mode control signal
discussed below. The commands from the FADEC 120
may be provided to one or more of the actuators to there-
by control engine operation. For example, the actuators
may be used to control the position or speed of one or
more components to thereby manage engine parameters
affecting engine operation. In other examples, the actu-
ators may be used to open and/or shut valves to control
fuel flow or to position one or more guide vanes to influ-
ence air flow through the engine.
[0016] As noted above, the engine system 100 further
includes a main engine starter motor 130 to initiate engine
rotation of the main gas turbine engine(s) 110, via a non-
illustrated main engine gearbox, during a start operation.
As such, the main engine starter motor 130 is coupled
to a high-pressure fluid source, such as compressed air,
which impinges upon a turbine in the main engine starter
motor 130, thereby causing it to rotate at a relatively high
rate of speed. The main engine starter motor 130 includes
an output shaft that is coupled to the turbine and, via the
main engine gearbox, to the main gas turbine engine
110. The output shaft of the main engine starter motor
130, rotated by the turbine, thus causes the main gas
turbine engine 110 to begin rotating. Typically, the main
engine starter motor 130 is configured to drive the main
gas turbine engine 110 until a self-sustaining speed is
reached, and the main gas turbine engine 110 can op-
erate without the main engine starter motor 130.
[0017] As is generally known, when an aircraft is on
the ground, its main gas turbine engine(s) 110 may not
be operating and/or capable of supplying power. In these
instances, the APU system 140 may be utilized to sup-
plement the main gas turbine engine(s) 110 by providing

electrical and/or pneumatic power. The APU system 140
may also be used to supply pneumatic power to the main
engine starter motor 130 to assist the start operation of
the main gas turbine engine(s) 110. A schematic block
diagram of one embodiment of an APU system 140 is
depicted in FIG. 2, and with reference thereto will now
be described.
[0018] The depicted APU system 140 includes an APU
200 and an APU control unit 250. A typical APU includes
at least a compressor section, a combustion section, and
a turbine section. The depicted APU 200 includes a pow-
er compressor 210, a combustor 212, a power turbine
214, and a load compressor 216. During operation, the
power compressor 210 draws ambient air into an inlet,
compresses the air, and supplies the compressed air to
the combustor 212. It will be appreciated that the power
compressor 210 may be implemented using any one of
numerous types of compressors. For example, the power
compressor 210 may be a single-stage or multi-stage
centrifugal and/or axial compressor system.
[0019] The combustor 212 receives the compressed
air from the power compressor 210, and also receives a
flow of fuel from a non-illustrated fuel source. The fuel
and compressed air are mixed within the combustor 212,
and are ignited to produce relatively high-energy com-
bustion gas. The combustor 212 may be implemented
as any one of numerous types of combustors, including
can-type combustors, reverse-flow combustors,
through-flow combustors, and slinger combustors.
[0020] The relatively high-energy combustion gas that
is generated in the combustor 212 is supplied to the tur-
bine 214. As the high-energy combustion gas expands
through the turbine 214, it impinges on the turbine blades,
which causes the turbine 214 to rotate. It will be appre-
ciated that the turbine 214 may be implemented using
any one of numerous types of turbines. The turbine 214
includes an output shaft 224 that drives the power com-
pressor 210 and the load compressor 216.
[0021] The load compressor 216, when driven, draws
ambient air into an inlet, via a plurality of inlet guide vanes
218, and compresses the air. The compressed air may
be supplied to various pneumatic loads, such as the main
engine starter motor 130. Thus, as FIG. 2 also depicts,
a main engine start conduit 215 is coupled to receive
compressed air from the load compressor 216 and sup-
plies the compressed air, via a starter air valve 217, to
the main engine starter motor 130. As with the power
compressor 210, the load compressor 216 may be im-
plemented using any one of numerous types of compres-
sors, including a single-stage or multi-stage centrifugal
and/or axial compressor system.
[0022] As noted above, ambient air is drawn into the
load compressor 216 via a plurality of adjustable inlet
guide vanes 218. The inlet guide vanes 218 are disposed
adjacent the inlet of the load compressor 216 and are
movable, via one or more inlet guide vane actuators 219,
to a plurality of positions. As such, air flow into and
through the load compressor 216, and thus the air flow
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to the pneumatic loads, such as the main engine starter
motor 130, may be regulated by adjusting the position of
the inlet guide vanes 218. Actuation of the positions of
the inlet guide vanes 218 are controlled via control logic
that, at least in the depicted embodiment, is disposed
within the APU control unit 250.
[0023] A portion of the air supplied from the load com-
pressor 216 to the main engine start conduit 215 may be
removed via a surge control valve 222 that is in fluid com-
munication with the main engine start conduit 215. As is
generally known, the surge control valve 222 may be
provided to limit the pressure downstream of the com-
pressor, as necessary or desired, and may be, for exam-
ple, dumped overboard. The surge control valve 222 is
responsive to valve position commands to move between
a fully-closed position and a plurality of open positions.
The surge control valve 222 may be positioned to vary
the amount of air to the main engine starter motor 130.
Specifically, it may be repeatedly moved between the
fully-closed position and fully-open position to vary the
amount of air the main engine starter motor 130. The
position of the surge control valve 222 is controlled via
control logic that, at least in the depicted embodiment, is
disposed within the APU control unit 250.
[0024] The APU control unit 250 is in operable com-
munication with the APU 200 and the surge control valve
222 and is configured to control the APU 200, the inlet
guide vanes 218, and the surge control valve 222, based
on instructions stored in memory and executed by a proc-
essor, as well as based on commands and feedback from
the operator and/or other aircraft systems, such as the
FADEC 120. During a start-up operation of the main gas
turbine engine(s) 110, for example, the APU control unit
250 uses various sets of control logic to adjust com-
pressed air flow supplied to the main engine start conduit
215, and thus to the starter air valve 217, to thereby assist
in controlling the speed of the main engine starter motor
130 and thus the main gas turbine engine(s) 110. More
specifically, as was just noted, the APU control unit 250
is configured to control the actuation of the inlet guide
vanes 218 and the surge control valve 222 to supply a
predetermined amount of air to the main engine start con-
duit 215 for use by the main engine starter motor 130 to
drive the main gas turbine engine(s) 110 at a predeter-
mined speed.
[0025] As depicted more clearly in FIG. 3, the APU
control unit 250 is configured to selectively control the
inlet guide vanes 218 using one of two sets of control
logic - first inlet guide vane control logic 302 or second
inlet guide vane control logic 304. The APU control unit
250 is also configured to selectively control the surge
control valve 222 using one of two sets of control logic -
first surge control valve control logic 306 or second surge
control valve control logic 308. It should be noted that
the first inlet guide vane control logic 302 and the first
surge valve control logic 306 are each implemented using
conventionally known logic and are each the default logic
used for a main gas turbine engine start-up operation.

When the first inlet guide vane control logic 302 is used,
the inlet guide vanes 218 are positioned based on a de-
mand signal 312. When the first surge control valve logic
306 is used, the surge control valve 222 is also positioned
based on the demand signal 312 and can be commanded
to be repeatedly moved between the fully-closed position
and the fully-open position. One example of known first
inlet guide vane control logic 302 and known first surge
valve control logic 306 is disclosed in U.S. Patent No.
9,567,906, the entirety of which is hereby incorporated
by reference. However, other conventionally known con-
trol logic schemes can also be used.
[0026] As FIG. 3 further depicts, the APU control unit
250 is also adapted to receive a mode control signal 314.
The mode control signal 314 may be supplied from, for
example, an aircraft system in the cockpit, either auto-
matically or in response to input from a user. The mode
control signal 314 may be supplied (automatically or
manually) in response to any one of numerous condi-
tions. In one embodiment, the mode control signal 314
is supplied in the unlikely event that the starter air valve
217 becomes inoperable. In such instances, the starter
air valve 217 may need to be held open manually.
[0027] Regardless of the source or reason for supply-
ing the mode control signal 314, the APU control unit 250
is configured, upon receipt of the mode control signal
314, to control the inlet guide vanes 218 using the second
inlet guide vane control logic 304 and to control the surge
control valve 222 using the second surge control valve
control logic 308. As will be described in more detail,
when the second inlet guide vane control logic 304 is
used, the inlet guide vanes 218 are positioned based on
a demand schedule, and when the second surge control
valve logic 308 is used, the surge control valve 222 can
only be commanded to its fully-closed position when
maximum flow (e.g., 100% flow) is commanded. Thus,
when maximum flow is not commanded, the surge control
valve 222 can be commanded to a valve position between
the fully-open position and a minimum open position,
where the minimum open position is a position between
the fully-closed position and the fully-open position. As
will also be described, the minimum open position the
surge control valve 222 can be commanded to is variable,
and the minimum open position is determined in re-
sponse to the demand signal 312. The APU control unit
250 is further configured, when using the second surge
control valve logic, to limit the rate of movement of the
surge control valve 222.
[0028] A more detailed representation of second inlet
guide vane control logic 304 is depicted in FIG. 4, and a
more detailed representation of the second surge control
valve control logic 308 is depicted in FIG. 5. For com-
pleteness, these control logics 304, 306 will now be de-
scribed, starting with the second inlet guide vane control
logic 304.
[0029] The second inlet guide vane control logic 304,
as noted above and as illustrated more clearly in FIG. 4,
is used upon receipt of the mode control signal 314 and
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is implemented using a demand schedule 402. The de-
mand schedule 402, which may be implemented as a
look-up table stored in a memory storage device, re-
ceives the demand signal 312 and, based on the request-
ed demand, determines (e.g., looks up) the appropriate
inlet guide vane position command 404 to be supplied to
the inlet guide vane actuators 219.
[0030] The second surge control valve control logic
308 is also used upon receipt of the mode control signal
314. Some of the specific logic functions that are used,
however, depend upon whether compressed air from the
APU 200 is being used to start one or two main gas tur-
bine engines 110. In most instance, the compressed air
will be used to start two main gas turbine engines 110.
In such instances, the second surge control valve control
logic 308, in response to the demand signal 312, imple-
ments a first SUMMATION function 502, a MULTIPLI-
CATION function 504, and a second SUMMATION func-
tion 506, and supplies the output of the second SUMMA-
TION function 506 to a first input of a dual-input SELECT
HI function 508. The first SUMMATION function 502 de-
termines the difference between the demanded flow per-
centage, represented by demand signal 312, and 100%
flow. This resultant is supplied to the MULTIPLICATION
function 504, which multiplies it by a constant (expressed
in degrees/%) and supplies the resultant (expressed in
degrees) to the second SUMMATION function 506. The
second SUMMATION function 506 determines the dif-
ference between a predetermined constant number of
degrees (which corresponds to a full-open position) and
the resultant output from the MULTIPLICATION function
504.
[0031] In the rare instances that compressed air from
the APU 200 is being used to start only one main gas
turbine engines 110, the second input of the dual-input
SELECT HI function 508 is supplied with a value from a
minimum valve position schedule 512. The minimum
valve position schedule 512 is implemented using a two-
dimensional INTERPOLATION function, in which the
output value is a function of two variables. In the depicted
embodiment, the variables are inlet air temperature (T2)
and ambient pressure (P2).
[0032] The dual-input SELECT HI function 508, as is
generally known, selects and outputs the higher of the
values at its two inputs. Thus, if compressed air from the
APU 200 is being used to start only one main gas turbine
engines 110, the higher value will be supplied from the
minimum valve position schedule 512. Conversely, if
compressed air from the APU 200 is being used to start
two main gas turbine engines 110, the higher value will
be supplied from the second SUMMATION function 506.
Again, in most instances compressed air from the APU
200 will be used to start two main gas turbine engines
110.
[0033] In both instances, however, the output of the
SELECT HI function 508 is supplied to a RATE LIMIT
function 514, which limits the rate-of-change of position
of the surge control valve 222. The rate-of-change is lim-

ited to a predetermined value (RATE_MAX), which may
be selected based on, for example, valve type or any one
of numerous design and/or operational criteria.
[0034] The output of the RATE LIMIT function 514 is
supplied to a flow area schedule 516. The flow area
schedule 516, which may be implemented as a look-up
table stored in a memory storage device, receives the
output of the RATE LIMIT function 514, and based on
the output, determines (e.g., looks up) the minimum open
position (SCV_MIN_2) to which the surge control valve
222 can be commanded. This value is supplied to the
first surge control valve logic 306, which uses this value
to limit the minimum open position to a position between
the fully-closed position and the full-open position. As
FIG. 5 also depicts, when the mode control signal 314 is
not supplied, a predetermined minimum open position
(SCV_MIN_1) is supplied to the first surge control valve
logic 306. As may be appreciated, this predetermined
value corresponds to the fully-closed position.
[0035] Referring now to FIG. 6, a flowchart of a method
implemented in the FCU ECU 250 for supplying com-
pressed air from the APU 200 to a main engine starter
motor 130 is depicted and, for completeness, will now be
described. The method 600 begins by determining if the
mode control signal 314 has been received (602). If not,
then the inlet guide vanes 218 are controlled using the
first inlet guide vane control logic 302 (604) and the surge
control valve 222 is controlled using the first surge control
valve control logic 306
[0036] (606). As has been repeatedly noted, when the
first inlet guide vane control logic 302 is used, the inlet
guide vanes 218 are positioned based on the demand
signal 312, and when the first surge control valve logic
306 is used, the surge control valve 222 can be com-
manded to repeatedly move between the fully-closed po-
sition and the fully-open position.
[0037] If, however, the mode control signal 314 has
been received, then the inlet guide vanes 218 are con-
trolled using the second inlet guide vane control logic 304
(608) and the surge control valve 222 is controlled using
the second surge control valve control logic 308 (612).
As has also been repeatedly noted, when the second
inlet guide vane control logic 304 is used, the inlet guide
vanes 218 are positioned based on a demand schedule,
and when the second surge control valve logic 308 is
used, the surge control valve 222 can only be command-
ed to the fully-closed position when the demand signal
312 supplied is representative of 100% flow to the main
engine starter motor 130.
[0038] The system and method described herein pro-
vide a means for supplying compressed air to a main
engine starter motor that does not rely on repeatedly
commanding the APU surge control valve to move be-
tween an open position and its fully-closed position.
[0039] In one embodiment, a system for supplying
compressed air to a main engine starter motor includes
an auxiliary power unit (APU), a main engine start con-
duit, a surge control valve, and an APU control unit. The
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APU includes a compressor section and a turbine sec-
tion, and the compressor section includes adjustable inlet
guide vanes that are moveable to a plurality of inlet guide
vane positions. The main engine start conduit is coupled
to receive compressed air from the compressor section
and supply the compressed air to the main engine starter
motor. The surge control valve is in fluid communication
with the main engine start conduit and is responsive to
valve position commands to move between a fully-closed
position and a plurality of open positions between the
fully-closed and a fully-open position. The APU control
unit is in operable communication with the APU and the
surge control valve and is configured to control the APU,
the inlet guide vanes, and the surge control valve. The
APU control unit is configured to selectively control at
least the inlet guide vanes and surge control valve using
first or second inlet guide vane control logic and first or
second surge control valve control logic, respectively.
When the first inlet guide vane control logic is used, the
inlet guide vanes are positioned based on a demand sig-
nal, when the second inlet guide vane control logic is
used, the inlet guide vanes are positioned based on a
demand schedule, when the first surge control valve logic
is used, the surge control valve can be commanded to
repeatedly move to only a fully-closed position and a fully-
open position, and when the second surge control valve
logic is used, the surge control valve cannot be com-
manded to the fully-closed position only when maximum
flow to the main engine starter motor is commanded.
[0040] These aspects and other embodiments may in-
clude one or more of the following features. When the
APU control unit uses the second surge control valve
logic, the surge control valve can be commanded to a
valve position between a fully-open position and a mini-
mum open position, and the minimum open position is a
position between the fully-closed position and the full-
open position. The minimum open position may be var-
iable. The APU control unit may be adapted to receive a
flow demand signal and configured, in response to the
flow demand signal, to determine the minimum open po-
sition. The APU control unit may be adapted to receive
a mode control signal and configured, upon receipt of the
mode control signal, to control the inlet guide vanes and
surge control valve using the second inlet guide vane
control logic and the second surge control valve control
logic, respectively. The APU control unit may be further
configured, when using the second surge control valve
logic, to limit a rate of movement of the surge control
valve.
[0041] In another embodiment, a method for supplying
compressed air from an auxiliary power unit (APU) to a
main engine starter motor, wherein the APU includes a
compressor section and a turbine section, and the com-
pressor section includes adjustable inlet guide vanes that
are moveable to a plurality of inlet guide vane positions,
wherein the APU supplies the compressed air to the main
engine starter motor via main engine start conduit, and
wherein a surge control valve is in fluid communication

with the main engine start conduit. The method includes
controlling the inlet guide vanes using one of first or sec-
ond inlet guide vane control logic and controlling the
surge control valve using one of first or second surge
control valve control logic. When the first inlet guide vane
control logic is used, the inlet guide vanes are positioned
based on a demand signal, when the second inlet guide
vane control logic is used, the inlet guide vanes are po-
sitioned based on a demand schedule, when the first
surge control valve logic is used, the surge control valve
can be commanded to repeatedly move to only a fully-
closed position and a fully-open position, and when the
second surge control valve logic is used, the surge control
valve can be commanded to the fully-closed position only
when maximum flow to the main engine starter motor is
commanded.
[0042] These aspects and other embodiments may in-
clude one or more of the following features. When the
second surge control valve logic is used, the surge control
valve can be commanded to a valve position between a
fully-open position and a minimum open position, and
the minimum open position is a position between the fully-
closed position and the full-open position. The minimum
open position may be variable. The minimum open po-
sition may be determined based on a flow demand signal.
The inlet guide vanes and surge control valve may be
controlled using the second inlet guide vane control logic
and the second surge control valve control logic, respec-
tively, in response to a mode control signal. A rate of
movement of the surge control valve may be limited when
the second surge control valve logic is used.
[0043] In yet another embodiment, an aircraft engine
system includes a main gas turbine engine, a main en-
gine starter motor, an auxiliary power unit (APU), a main
engine start conduit, a surge control valve, and an APU
control unit. The main engine starter motor is coupled to
the main gas turbine engine. The main engine starter
motor is coupled to receive compressed air and is con-
figured, upon receipt of the compressed air, to supply a
drive torque to the main gas turbine engine. The includes
a compressor section and a turbine section, and the com-
pressor section includes adjustable inlet guide vanes that
are moveable to a plurality of inlet guide vane positions.
The main engine start conduit is coupled to the main en-
gine starter motor and the APU. The main engine start
conduit is coupled to receive compressed air from the
compressor section and supply the compressed air to
the main engine starter motor. The surge control valve
is in fluid communication with the main engine start con-
duit, and is responsive to valve position commands to
move between a fully-closed position and a plurality of
open positions. The APU control unit in operable com-
munication with the APU and the surge control valve and
configured to control the APU, the inlet guide vanes, and
the surge control valve, the APU control unit is configured
to selectively control at least the inlet guide vanes and
surge control valve using first or second inlet guide vane
control logic and first or second surge control valve con-

11 12 



EP 3 653 886 A1

8

5

10

15

20

25

30

35

40

45

50

55

trol logic, respectively. When the first inlet guide vane
control logic is used, the inlet guide vanes are positioned
based on a demand signal, when the second inlet guide
vane control logic is used, the inlet guide vanes are po-
sitioned based on a demand schedule, when the first
surge control valve logic is used, the surge control valve
can be commanded to repeatedly move to only a fully-
closed position and a fully-open position, and when the
second surge control valve logic is used, the surge control
valve can be commanded to the fully-closed position only
when maximum flow to the main engine starter motor is
commanded.
[0044] These aspects and other embodiments may in-
clude one or more of the following features. When the
APU control unit uses the second surge control valve
logic, the surge control valve can be commanded to a
valve position between a fully-open position and a mini-
mum open position, and the minimum open position is a
position between the fully-closed position and the full-
open position. The minimum open position may be var-
iable. The APU control unit may be adapted to receive a
flow demand signal and configured, in response to the
flow demand signal, to determine the minimum open po-
sition. The APU control unit may be adapted to receive
a mode control signal and configured, upon receipt of the
mode control signal, to control the inlet guide vanes and
surge control valve using the second inlet guide vane
control logic and the second surge control valve control
logic, respectively. The APU control unit may be further
configured, when using the second surge control valve
logic, to limit a rate of movement of the surge control
valve.
[0045] Those of skill in the art will appreciate that the
various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embod-
iments disclosed herein may be implemented as elec-
tronic hardware, computer software, or combinations of
both. Some of the embodiments and implementations
are described above in terms of functional and/or logical
block components (or modules) and various processing
steps. However, it should be appreciated that such block
components (or modules) may be realized by any
number of hardware, software, and/or firmware compo-
nents configured to perform the specified functions. To
clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, mod-
ules, circuits, and steps have been described above gen-
erally in terms of their functionality. Whether such func-
tionality is implemented as hardware or software de-
pends upon the particular application and design con-
straints imposed on the overall system. Skilled artisans
may implement the described functionality in varying
ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a
departure from the scope of the present invention. For
example, an embodiment of a system or a component
may employ various integrated circuit components, e.g.,
memory elements, digital signal processing elements,

logic elements, look-up tables, or the like, which may
carry out a variety of functions under the control of one
or more microprocessors or other control devices. In ad-
dition, those skilled in the art will appreciate that embod-
iments described herein are merely exemplary imple-
mentations.
[0046] The various illustrative logical blocks, modules,
and circuits described in connection with the embodi-
ments disclosed herein may be implemented or per-
formed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated cir-
cuit (ASIC), a field programmable gate array (FPGA) or
other programmable logic device, discrete gate or tran-
sistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions de-
scribed herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may
be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be imple-
mented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality
of microprocessors, one or more microprocessors in con-
junction with a DSP core, or any other such configuration.
[0047] The steps of a method or algorithm described
in connection with the embodiments disclosed herein
may be embodied directly in hardware, in a software mod-
ule executed by a processor, or in a combination of the
two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-
ROM, or any other form of storage medium known in the
art. An exemplary storage medium is coupled to the proc-
essor such that the processor can read information from,
and write information to, the storage medium. In the al-
ternative, the storage medium may be integral to the proc-
essor. The processor and the storage medium may re-
side in an ASIC.
[0048] Techniques and technologies may be de-
scribed herein in terms of functional and/or logical block
components, and with reference to symbolic represen-
tations of operations, processing tasks, and functions
that may be performed by various computing compo-
nents or devices. Such operations, tasks, and functions
are sometimes referred to as being computer-executed,
computerized, software-implemented, or computer-im-
plemented. In practice, one or more processor devices
can carry out the described operations, tasks, and func-
tions by manipulating electrical signals representing data
bits at memory locations in the system memory, as well
as other processing of signals. The memory locations
where data bits are maintained are physical locations
that have particular electrical, magnetic, optical, or or-
ganic properties corresponding to the data bits. It should
be appreciated that the various block components shown
in the figures may be realized by any number of hardware,
software, and/or firmware components configured to per-
form the specified functions. For example, an embodi-
ment of a system or a component may employ various
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integrated circuit components, e.g., memory elements,
digital signal processing elements, logic elements, look-
up tables, or the like, which may carry out a variety of
functions under the control of one or more microproces-
sors or other control devices.
[0049] When implemented in software or firmware,
various elements of the systems described herein are
essentially the code segments or instructions that per-
form the various tasks. The program or code segments
can be stored in a processor-readable medium or trans-
mitted by a computer data signal embodied in a carrier
wave over a transmission medium or communication
path. The "computer-readable medium", "processor-
readable medium", or "machine-readable medium" may
include any medium that can store or transfer informa-
tion. Examples of the processor-readable medium in-
clude an electronic circuit, a semiconductor memory de-
vice, a ROM, a flash memory, an erasable ROM (EROM),
a floppy diskette, a CD-ROM, an optical disk, a hard disk,
a fiber optic medium, a radio frequency (RF) link, or the
like. The computer data signal may include any signal
that can propagate over a transmission medium such as
electronic network channels, optical fibers, air, electro-
magnetic paths, or RF links. The code segments may be
downloaded via computer networks such as the Internet,
an intranet, a LAN, or the like.
[0050] Some of the functional units described in this
specification have been referred to as "modules" in order
to more particularly emphasize their implementation in-
dependence. For example, functionality referred to here-
in as a module may be implemented wholly, or partially,
as a hardware circuit comprising custom VLSI circuits or
gate arrays, off-the-shelf semiconductors such as logic
chips, transistors, or other discrete components. A mod-
ule may also be implemented in programmable hardware
devices such as field programmable gate arrays, pro-
grammable array logic, programmable logic devices, or
the like. Modules may also be implemented in software
for execution by various types of processors. An identi-
fied module of executable code may, for instance, com-
prise one or more physical or logical modules of computer
instructions that may, for instance, be organized as an
object, procedure, or function. Nevertheless, the execut-
ables of an identified module need not be physically lo-
cated together but may comprise disparate instructions
stored in different locations that, when joined logically
together, comprise the module and achieve the stated
purpose for the module. Indeed, a module of executable
code may be a single instruction, or many instructions,
and may even be distributed over several different code
segments, among different programs, and across sever-
al memory devices. Similarly, operational data may be
embodied in any suitable form and organized within any
suitable type of data structure. The operational data may
be collected as a single data set, or may be distributed
over different locations including over different storage
devices, and may exist, at least partially, merely as elec-
tronic signals on a system or network.

[0051] In this document, relational terms such as first
and second, and the like may be used solely to distinguish
one entity or action from another entity or action without
necessarily requiring or implying any actual such rela-
tionship or order between such entities or actions. Nu-
merical ordinals such as "first," "second," "third," etc. sim-
ply denote different singles of a plurality and do not imply
any order or sequence unless specifically defined by the
claim language. The sequence of the text in any of the
claims does not imply that process steps must be per-
formed in a temporal or logical order according to such
sequence unless it is specifically defined by the language
of the claim. The process steps may be interchanged in
any order without departing from the scope of the inven-
tion as long as such an interchange does not contradict
the claim language and is not logically nonsensical.
[0052] Furthermore, depending on the context, words
such as "connect" or "coupled to" used in describing a
relationship between different elements do not imply that
a direct physical connection must be made between
these elements. For example, two elements may be con-
nected to each other physically, electronically, logically,
or in any other manner, through one or more additional
elements.
[0053] While at least one exemplary embodiment has
been presented in the foregoing detailed description of
the invention, it should be appreciated that a vast number
of variations exist. It should also be appreciated that the
exemplary embodiment or exemplary embodiments are
only examples, and are not intended to limit the scope,
applicability, or configuration of the invention in any way.
Rather, the foregoing detailed description will provide
those skilled in the art with a convenient road map for
implementing an exemplary embodiment of the inven-
tion. It being understood that various changes may be
made in the function and arrangement of elements de-
scribed in an exemplary embodiment without departing
from the scope of the invention as set forth in the ap-
pended claims.

Claims

1. A system for supplying compressed air to a main
engine starter motor, comprising:

an auxiliary power unit (APU) including a com-
pressor section and a turbine section, the com-
pressor section including adjustable inlet guide
vanes that are moveable to a plurality of inlet
guide vane positions;
a main engine start conduit coupled to receive
compressed air from the compressor section
and supply the compressed air to the main en-
gine starter motor;
a surge control valve in fluid communication with
the main engine start conduit, the surge control
valve responsive to valve position commands to
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move between a fully-closed position and a plu-
rality of open positions between the fully-closed
and a fully-open position; and
an APU control unit in operable communication
with the APU and the surge control valve and
configured to control the APU, the inlet guide
vanes, and the surge control valve, the APU con-
trol unit configured to selectively control at least
the inlet guide vanes and surge control valve
using first or second inlet guide vane control log-
ic and first or second surge control valve control
logic, respectively,
wherein:

when the first inlet guide vane control logic
is used, the inlet guide vanes are positioned
based on a demand signal,
when the second inlet guide vane control
logic is used, the inlet guide vanes are po-
sitioned based on a demand schedule,
when the first surge control valve logic is
used, the surge control valve can be com-
manded to repeatedly move to only a fully-
closed position and a fully-open position,
and
when the second surge control valve logic
is used, the surge control valve cannot be
commanded to the fully-closed position only
when maximum flow to the main engine
starter motor is commanded.

2. The system of claim 1, wherein:

when the APU control unit uses the second
surge control valve logic, the surge control valve
can be commanded to a valve position between
a fully-open position and a minimum open posi-
tion; and
the minimum open position is a position between
the fully-closed position and the full-open posi-
tion.

3. The system of claim 2, wherein the minimum open
position is variable.

4. The system of claim 3, wherein the APU control unit
is adapted to receive a flow demand signal and is
configured, in response to the flow demand signal,
to determine the minimum open position.

5. The system of claim 1, wherein the APU control unit
is adapted to receive a mode control signal and is
configured, upon receipt of the mode control signal,
to control the inlet guide vanes and surge control
valve using the second inlet guide vane control logic
and the second surge control valve control logic, re-
spectively.

6. The system of claim 1, wherein the APU control unit
is further configured, when using the second surge
control valve logic, to limit a rate of movement of the
surge control valve.

7. A method for supplying compressed air from an aux-
iliary power unit (APU) to a main engine starter mo-
tor, wherein the APU includes a compressor section
and a turbine section, and the compressor section
includes adjustable inlet guide vanes that are move-
able to a plurality of inlet guide vane positions, where-
in the APU supplies the compressed air to the main
engine starter motor via main engine start conduit,
and wherein a surge control valve is in fluid commu-
nication with the main engine start conduit, the meth-
od comprising the steps of:

controlling the inlet guide vanes using one of
first or second inlet guide vane control logic; and
controlling the surge control valve using one of
first or second surge control valve control logic,
wherein:

when the first inlet guide vane control logic
is used, the inlet guide vanes are positioned
based on a demand signal,
when the second inlet guide vane control
logic is used, the inlet guide vanes are po-
sitioned based on a demand schedule,
when the first surge control valve logic is
used, the surge control valve can be com-
manded to repeatedly move to only a fully-
closed position and a fully-open position,
and
when the second surge control valve logic
is used, the surge control valve can be com-
manded to the fully-closed position only
when maximum flow to the main engine
starter motor is commanded.

8. The method of claim 7, wherein:

when the second surge control valve logic is
used, the surge control valve can be command-
ed to a valve position between a fully-open po-
sition and a minimum open position; and
the minimum open position is a position between
the fully-closed position and the full-open posi-
tion.

9. The method of claim 8, wherein the minimum open
position is variable.

10. The method of claim 9, wherein the minimum open
position is determined based on a flow demand sig-
nal.

11. The method of claim 7, wherein the inlet guide vanes
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and surge control valve are controlled using the sec-
ond inlet guide vane control logic and the second
surge control valve control logic, respectively, in re-
sponse to a mode control signal.

12. The method of claim 7, further comprising limiting a
rate of movement of the surge control valve when
the second surge control valve logic is used.
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